Abstract. Broad emission line regions in AGN are connected with the outer layers of accretion disks. This has been shown by means of line variability studies of individual AGN as well as line profile studies of AGN samples. We could model the broad-line profiles in AGN in a simple way only through rotational broadening of Lorentzian profiles. To individual emission lines belongs one typical Lorentz profile only with a fixed turbulence velocity: e.g., 500 km/s for Hβ, 3000 km/s for C IV λ1550. The rotation velocities in the broad line regions of the AGN range from 1000 to 7000 km/s.
INTRODUCTION
The first quasar, 3C 273, has been detected by M. Schmidt in 1963 . He noticed that the nuclear region of this object is about 100 times brighter optically than luminous galaxies known at that time.
Soon it became clear that the enormous luminosities are connected with nonthermal continuum radiation emitted in the immediate surrounding of a central supermassive black hole of the order of 10 6 to 10 9 solar masses. The observed broad emission lines are emitted at typical distances of 1 to 100 light days while the narrow emission lines are emitted at about hundred times larger distances.
However, many physical details of these Active Galactic Nuclei (AGN) as e.g. the exact size, geometry or kinematics of the broad line regions (BLRs) are still unknown despite intensive studies over many years. Excellent reviews regarding the physical processes in AGN and the physics of the emission lines have been published by Blandford (1990) and Netzer (1990) . Within the past years (e.g. Peterson et al. 2004 ) some progress has been made with respect to the sizes of BLRs by studying the variability of the continuum and the broad emission lines. Here we present some results of recent variability campaigns, as well as of the profile studies of the emission lines.
BLR STRUCTURE BASED ON REVERBERATION MAPPING
One of the best adequate ways to learn something about the size of the BLR in the individual AGN is the study of the delay of the broad emission line intensity light curves with respect to the variable (ionizing) continuum light curve. Extensive variability campaigns over many years, as of NGC 5548 (Peterson et al. 2002) , have demonstrated that the integrated Hβ light curve shows a typical time delay of 20 days with respect to the continuum. This means the region emitting broad Hβ lines originates at a distance of 20 light days from the ionizing center. Furthermore it has been verified that the BLR is structured in this galaxy: the broad emission lines originate at different distances from the center. The higher ionized lines and the emission lines showing broader line widths originate closer to the center than the lower ionized lines (Dietrich et al. 1993; Peterson & Wandel 1999) .
Another variable galaxy that has been studied in detail is the narrow line Seyfert 1 galaxy Mrk 110. An intensive variability campaign of this galaxy has been undertaken with the 9.2 m Hobby-Eberly Telescope (HET) at McDonald Observatory over a period of 183 days. Based on cross-correlation functions of the strongest optical emission line light curves with the continuum light curve it could be shown that the integrated emission lines originate at different distances (Kollatschny et al. 2001) : the integrated Balmer lines originate at distances 24 to 32 light days, the He I lines at distances of 12 light days, and the He IIλ4686 line at a distance of 4 light days only. Knowing the distances of the line emitting regions it is possible to estimate the central black hole mass by means of the width of the broad emission line profiles (FWHM) under the assumption that the gas dynamics is dominated by the central massive object. The best value considering all lines in Mrk 110 was M = 1.83
The virial mass estimations derived independently from different emission lines agree within of 20% with each other showing that uncertainties in the line measurements are relatively small. Peterson et al. (2004) presented improved line width measurements, emission line lags relative to the continuum and black hole masses of a large homogeneous sample of 37 AGN. The study of line profile variations in AGN gives us additional information on geometry and kinematics of the broad emitting line gas that surrounds the central supermassive black hole. Welsh & Horne (1991) and Horne et al. (2004) calculated theoretical emission line profile variations (velocity-delay maps) for different flows (outflow, inflow), random circular orbits and Keplerian disks.
We generated 2-D CCFs of the broad line profiles in Mrk 110 that are mathematically very similar to 2-D response functions (Kollatschny 2003) . We sliced the observed profiles of the strongest emission lines (Hα, Hβ, Hγ, He I, He II) of our variability campaign of Mrk 110 into velocity bins of ∆v = 400 km/s. This corresponds to the spectral resolution of our data set. Afterwards we measured the light curves of all subsequent velocity segments. In a next step, we computed cross-correlation functions (CCF) of light curves for all line segments (∆v = 400 km/s) with the 5100Å continuum light curve. The derived delays of the individual segments are shown in Figure 1 as function of distance to the line center of the Hβ line. The velocity delay map is presented in gray scale.
The outer line wings respond much faster to the continuum variations than the inner regions of the line profiles in all Balmer profiles of Mrk 110. Keplerian disk BLR models of Welsh & Horne (1991) and Horne et al. (2004) match the observed velocity delay pattern perfectly. Velocity delay maps of the He lines confirm their origin at the inner radius of the accretion disk. One can rule out that inflow or outflow motions are dominant in Mrk 110. However, a slightly faster response of the red line wing compared to the blue wing indicates some accretion disk wind in Mrk 110.
Recent studies of the line profiles in the broad line radio galaxy 3C 390.3 indicate their line emitting region is connected with an accretion disk as well (Shapovalova et al. 2010 ). The long-term variability pattern of the line profiles confirms the existence of an accretion disk in 3C 390.3 (Popović et al. 2011 ).
BLR STRUCTURE AND KINEMATICS FROM LINE PROFILE STUDIES
In a recent paper, Collin et al. (2006) characterized the broad Hβ emission line profiles by the ratio of their full-width at half maximum (FWHM) to their line dispersion, i.e., the second moment of the line profile. They used this parameter to separate a sample of 35 reverberation-mapped AGN into two populations, the first with narrower Hβ lines that tend to have relatively extended wings, and the second with broader lines that are relatively flat-topped. This separation is similar to a division of Sulentic et al. (2000) into Population A (narrow-line AGN) and B (broad-line AGN).
We could show that there exists a closer correlation between line-width ratios FWHM/σ line versus their line-width FWHMs than for their line dispersion (Kollatschny & Zetzl 2011) . Furthermore, there is no separation into two unconnected populations but rather a smooth transition (see Figure 2) .
In addition, we could show that the Hα, He II and C IV λ1550 (see Figure 3 ) show similar trends. We tried to model the observed line profile relations in a simple way by using multiple combinations of Gaussian, Voigt, Lorentzian, etc. profiles with minor success. However, when we calculated the rotational line broadening of Lorentzian profiles we could fit the observed trends in all emission lines (see Figures 2 and 3) . To each emission line belongs one Lorentz profile with a typical turbulence velocity: e.g., 500 km/s for Hβ, 3000 km/s for C IV λ1550. In addition, the line widths are controlled only by line broadening due to rotation. The rotation velocities vary from 1000 to 7000 km/s.
It is known from earlier reverberation mapping studies that different emission lines originate at different distances from the center. Combining this with the newly detected trend it becomes clear that the turbulence velocity increases to the center as expected from theory.
A few galaxies show smaller line-widths than expected for their FWHM/σ line ratio shown in Figure 2 . Some of these deviations are explainable by orientation effects of the line-emitting accretion disk. It is in accordance with the unified model of AGN that an accretion disk surrounds the central black hole. An inclined accretion disk leads to smaller line-widths owing to projection effects, while the FWHM/σ line ratio remains constant. One of the galaxies showing smaller linewidths than expected is Mrk 110 at FWHM = 1521 km/s and FWHM/σ line = 2.01 (marked by a cross in Figure 1 ). Using independent methods, an inclination of 21
• has been derived for this galaxy. Line-asymmetries also lead to slightly smaller FWHM/σ line ratios and slightly larger FWHMs of lines compared to symmetric emission line-profiles. The three outliers showing broader FWHMs than expected (at FWHM/σ line = 1.8) are not explainable in a simple way. The broader FWHMs might be caused by geometrical, nonspecific kinematical or optical thickness effects.
It has been shown in earlier studies of accretion disks that the ratio their geometrical height with respect to their radius is proportional to the ratio of the turbulence velocity in the accretion disk with respect to their rotational velocity (Pringle 1981) . This indicates that the geometrical thickness of an accretion disk is flattest for the broad-line objects while narrow-line objects have a more spherical structure.
CONCLUSIONS
Using emission line variability studies of individual AGN as well as line profile studies of AGN samples we show that the broad emission line regions in AGN are connected with their accretion disks. Different emission lines originate at different distances from the central supermassive black hole. The broad line profiles in AGN can be modeled in a simple way through rotational broadening of the Lorentzian profiles. Individual emission lines are represented by only one Lorentzian profile with a typical turbulence velocity of 500 km/s for Hβ and 3000 km/s for C IV λ1550. The rotation velocities in the broad line regions range from 1000 to 7000 km/s.
